Background: Breast reconstruction (BR) is an option for women who are treated with mastectomy; however, there has been concern regarding the oncologic safety of BR. In this study, we evaluated recurrences and mortality in women treated with mastectomy and compared outcomes in those treated with mastectomy alone to those with mastectomy plus transverse rectus adbominis (TRAM) flap BR. Methods: The prospective cohort study included women treated with mastectomy at Women's College Hospital from 1987 to 1997. Women with TRAM flap BR were matched to controls based on age and year of diagnosis, stage, and nodal status. Patients were followed from the date of diagnosis until death or date of last follow-up. Hazard ratios were generated to compare cases and controls for outcome variables using Cox's proportional hazards models. Results: Of 443 women with invasive breast cancer, 85 subjects had TRAM flap BR. Sixty-five of these women were matched to 115 controls. The mean follow-up was 11.2 (0.4-26.3) years. There were no significant differences between those with and without BR with weight, height, or smoking status. Women with TRAM flap were less likely to experience a distant recurrence compared to women without a TRAM flap (relative risk, 0.42; P = 0.0009) and were more likely to be alive (relative risk, 0.54; P = 0.03). Conclusions: Women who elect for TRAM flap BR after an invasive breast cancer diagnosis do have lower rates of recurrences and mortality than women treated with mastectomy alone. This cannot be explained by differences in various clinical or lifestyle factors.
B
reast cancer is the most common cancer in women. 1 Surgical treatment for women with invasive breast cancer includes either breast-conserving surgery or mastectomy. Recent trends suggest that the rates of mastectomy are rising. 2, 3 For these women, postmastectomy breast reconstruction (BR) is an option that can be performed immediately (at the same time as mastectomy) or delayed (anytime after mastectomy). In the United States, the uptake of immediate breast reconstruction (IBR) ranges from 25% to 35% in women treated with mastectomy. 4, 5 In Canada, the uptake of IBR is considerably lower, with only 16% of women having IBR. 6, 7 For women who do not have IBR, delayed BR is an option anytime after mastectomy. Postmastectomy BR can include either implant reconstruction or autologous tissue reconstruction.
Concerns have been raised that recurrences may not be detected in women with BR, and this may have had an impact on the use of reconstruction. 8, 9 However, recent evidence suggests that postmastectomy BR does not impair detection of recurrences. 10 Furthermore, there has been concern that the use of postmastectomy BR could negatively affect survival rates in women with invasive breast cancer. However, there are now short-and longterm follow-up data that suggest that there is no impact of postmastectomy BR on survival. 11, 12 Recently, it has been reported that postmastectomy BR may offer improved survival compared with mastectomy alone. 13 In a large cohort of women with invasive breast cancer in Ontario, Canada, followed for over 20 years after diagnosis, BR was associated with a 17% reduced risk of death and a 19% reduced risk of breast cancer death. 13 This analysis included all types of BR, and it is unclear whether there are differences by type of BR. It has been suggested that the survival benefit may be due to "patient selection" issues by the surgeon or "lifestyle" characteristics of the patient. The objective of this study was to compare overall and breast cancer-specific survival in women treated with mastectomy for invasive breast cancer with and without autologous BR, taking into consideration lifestyle factors such as body mass index and smoking.
METHODOLOGY Sample
We studied a cohort of women diagnosed with invasive breast cancer between the years 1987 and 1997 at the Henrietta Banting Breast Centre (HBBC). This database contains information on all women diagnosed with and treated for invasive breast cancer at Women's College Hospital (WCH), Toronto, Canada. It was established to systematically collect data on clinical presentation, treatment, and outcomes in women who received primary breast surgery at WCH. Women whose information entered into the database are followed every 2 years to assess for new cancers, cancer recurrence, and vital status.
For this study, women were selected from the database if they had undergone mastectomy for an invasive breast cancer diagnosis (stages 1-3). Cases were identified as women who had a TRAM flap BR after mastectomy. Cases were matched to controls based on age of breast cancer diagnosis (±2 y), year of diagnosis (±2 y), stage, and lymph node status (positive/negative).
Analysis
Cases and controls were compared for demographic and clinical characteristics using the t test for continuous variables and the chi-square test for categorical variables. Cox's proportional hazards models were used to evaluate the relative risk (RR) of TRAM flap on breast cancer recurrence and death. Statistical analyses were done by SAS (9.4).
RESULTS
Four hundred forty-three women with invasive breast cancer were treated with mastectomy, of which 85 subjects had TRAM flap BR. We were able to match 65 cases with 115 controls based on matching criteria (defined above). The mean age of the women at breast cancer diagnosis was 45.6 years (SD, 7.8), and for those with TRAM flap BR, the mean age at time of reconstruction was 46.9 years (SD, (Table 1 ).
There were no significant differences in weight (P = 0.89), height (P = 0.30), or smoking status (P = 0.20) between women with and without BR.
In the multivariate analysis, women with TRAM flap were less likely to experience distant recurrence compared to women without TRAM (RR, 0.42; P = 0.009) and more likely to be alive (RR, 0.54; P = 0.03; Table 2 ). In the cases with TRAM flap, there were 18 deaths overall (27.7%) and 17 breast cancer-specific deaths (26.2%), and in controls, there were 49 deaths overall (42.6%) and 40 breast cancer-specific deaths (34.8%) (P = 0.05 for breast cancer-specific death). The Kaplan-Meier overall survival estimates 25 years after invasive breast cancer diagnosis were 66.9% for women with TRAM flap [95% confidence interval (CI): 51.5%-78.4%] and 38.8% for women with mastectomy alone (95% CI: 19.5%-57.8%; P = 0.04) (Fig. 1) . The breast cancer-specific survival estimates at 25 years after invasive breast cancer diagnosis were 68.3% for cases with TRAM flap (95% CI: 57.2%-79.7%) and 56.8% for controls (95% CI: 41.9%-69.3%; P = 0.13) (Fig. 2) .
DISCUSSION
For women treated with mastectomy, BR is an option to restore the breast mound. In this matched cohort study of women with invasive breast cancer treated with mastectomy over a 10-year period, postmastectomy TRAM flap BR was not associated with a worse prognosis. In fact, women with BR were significantly less likely to be diagnosed with a distant recurrence and were more likely to be alive at follow-up, compared to women with mastectomy alone. This could not be explained by differences in lifestyle or clinical factors between women with and without breast cancer.
The choice between autologous and implant-based postmastectomy BR is based on multiple factors, including treatment factors (including radiation therapy) and patient-specific factors and preferences. The majority of research that has been done examining oncologic safety of BR has not examined type of reconstruction separately (autologous vs implant) [13] [14] [15] [16] or has focused solely on implant-based reconstruction. 10, 17, 18 In this study, we have examined oncologic outcomes in women with TRAM flap postmastectomy BR.
We observed that women with TRAM flap BR had significantly lower rates of distant recurrence than women with mastectomy alone (20.0% vs 34.8%; P = 0.02). We also observed that women with TRAM flap were significantly less likely to be diagnosed with any type of recurrence compared to women with mastectomy alone (P = 0.02). This has also been observed in women with implant-based BR. Hölmich et al. (2008) 10 reported that disease-free survival was significantly higher for women with implantbased reconstruction than for women with mastectomy alone.
With implant-based BR, there have been hypotheses raised regarding the potentially beneficial biologic effect. This includes the foreign body reaction induced by the implant that may cause the increase in natural killer cell activity against tumor cells. 19 An additional hypothesis is that the implant causes tissue compression that results in a decrease in blood flow leading to decreased cell turnover. 20 There is also the idea of a possible cooling effect of the implants that may decrease the metabolic activity of remaining cancer cells in the surrounding tissue. [20] [21] [22] These hypotheses may help explain the oncologic benefits of implant-based reconstruction, but we have also now observed benefits associated with autologous BR that could not be explained by these hypotheses.
Several studies suggest that BR may offer a survival advantage when compared to women who are treated with mastectomy alone, although no randomized controlled trials have been conducted because of ethical issues. 11, 13, 14 In a population-based matched cohort study of women with invasive breast cancer in Ontario, Canada, followed for over 20 years after diagnosis, BR was associated with a 17% reduced risk of death and a 19% reduced risk of breast cancer death. 13 A Danish population-based study 10 also suggests that there may be long-term survival advantages associated with postmastectomy BR. Although we did not observe statistically significant differences in breast cancer-specific mortality (OR, 0.60; 95% CI: 0.33-1.08; P = 0.09), we did observe a significant difference in all-cause mortality, with women with mastectomy alone being significantly less likely to be alive after breast cancer diagnosis compared to women with TRAM flap BR (OR, 0.54; 95% CI: 0.31-0.94; P = 0.03).
An explanation that has been offered to explain differences in recurrences and mortality has been related to confounding factors and selection bias in terms of the patients who are offered BR (nonobese, nonsmokers). Much of the previous research examining outcomes associated with postmastectomy BR has utilized populationbased registries with limited clinical and lifestyle data. In this study, we were able to examine factors known to in- fluence breast cancer-specific survival including smoking and obesity. 23, 24 There were no significant differences in smoking, weight, or height between women treated with mastectomy alone and those with postmastectomy BR. Therefore, we do not attribute the differences in prognosis to selection bias of patients.
There are several limitations to this study. The sample size able to be matched was small with 65 subjects with TRAM flap BR and 115 matched controls. This is smaller than previous studies that have examined oncologic outcomes associated with BR using large administrative databases. However, our study used data from a clinical database, and therefore we had access to demographic and lifestyle data that have not been available in prior studies. However, we did not have access to information on comorbidities that could have had an impact on survival. In addition, the women in this study were treated in Canada where we have universal health care, which includes the provision of BR at no cost to the patient. As a result, these research findings may not be generalizable to women in countries without universal health care.
In summary, women with autologous BR do not have worse oncologic outcomes compared to women with mastectomy alone. In fact, women with TRAM flap BR were found to have lower levels of distant recurrence and better overall survival than women treated with mastectomy alone. The differences could not be explained by differences in prognostic factors, treatments, demographic, or various lifestyle factors between women with and without BR. Women considering postmastectomy BR should be counseled that BR will not compromise oncologic outcomes.
